Naturally occurring methicillin-resistant strains of Staphylococcus pyogms isolated in hospitals in Britain, France and Denmark were studied. All strains belonged to a few closely related bacteriophage types and all behaved similarly in the presence of methicillin. The minimum inhibitory concentration of methicillin for the strains ranged from 5 to 100 pg./ml., but on ordinary nutrient agar growth in the presence of concentrations well below this was much less luxuriant than on control plates without antibiotic and tended to be confined to the site of heavy inoculum. Gramstained films from these cultures showed great irregularity in the size and staining of the cocci and many swollen forms were seen, suggesting that methicillin might be inhibiting cell wall synthesis without preventing multiplication. Further work showed that with addition of an excess of electrolytes (5 % NaCl or 7.5 yo (pJl$)BS04) or decrease in agar concentration, growth in the presence of methicillin was almost equal to that on control plates. The addition of uracil to a partially defined medium had no sigzllficant effect. Initial incubation under anaerobic conditions also improved growth of these strains in the presence of methicfin.
INTRODUCTION
Naturally occurring methicillin-resistant strains of StaphyZococcus pyogenes have now been isolated from patients in hospitals in Britain (Jevons, 1961;  Knox & Smith, 1961;  Barber, 1961 Barber, , 1962 Stewart & Holt, 1968) , France (Chabbert & Baudens, 1962) and Denmark (Eriksen & Erichsen, 1968) . In spite of their diversity of origin all the recorded strains share similar rather peculiar features and, as was the case with the first benzylpeniciuin-resistant staphylococci to be isolated from patients, all belong to a few closely related bacteriophage types. The present investigation was undertaken to study more carefully the characteristics of some of these strains isolated from different parts of the world.
METHODS
Source ofstraim. Preliminary studies were made on 59 strains; $9 came from five different hospitals in Britain, 6 from Paris and 4 from Copenhagen. Their bacteriophage types are given in Table 1 . More detailed investigations were made on the following 10 strains; A. 84, A. $4, H.M.R. 4, H.M.R. 6, H.M.R. 7, H.Y.R. 87, Q.M. 8 (isolated in Britain); P. 6, P. 10 (from Paris); E. 1 (from Copenhagen). The bacteriophage and antibiotic-sensitivity patterns of these strains are given in Table 2 . The partially defined medium had the following composition (per 1.): a salt agar base consisting of K D O , , 0.7 g., KH,PO,, 0-2 g., agar, 1-2 g.; the other ingredients were sterilized separately by pasteurization and added aseptically to give final concentration as follows : glucose, 0*2-0.5 g. ; acid casein hydrolysate, 10.0 g. ; tryptophane, 0.5-5.0 mg.; nicotinic acid, 0-5-1 mg.; thiamine, 0.5-1 mg. For some purposes uracil was added to 50 mg./l.
RESULTS
When tested by a serial dilution technique using a fairly large inoculum (a 2-3 mm. loopful of an overnight broth culture) the minimum inhibitory concentration of methicillin for the strains studied ranged from 5 to 100 pg./ml., but when tests were made on solid medium it was apparent that in the presence of concentrations of methicillin well below the minimum inhibitory concentration only a pro-portion of the inoculum grew and the growth was quite unlike that on control plates. Cross-resistance of a similar order was noted with cloxacillin, nafcillin, and ancillin. Typical results are given in Table 3 and illustrated in P1. 1. It will be seen that with methicillin 5 ,ug./d., only two of the six naturally occurring resistant strains (A. 34, Q.M. 3) gave typical staphylococcal growth; at higher concentrations growth of all strains was much less luxuriant than that of control cultures, and this was either completely confined to the site of heavy inoculum, or when single colonies were present elsewhere they were very small and semi-transparent. These appearances were essentially similar with methicillin and cloxacillin, except that the effects were seen with the latter in a concentration about one-quarter to one-fifth that of methicillin. The laboratory-induced methicillin-resistant strains (18 R in table 3 and P1.1, fig. 1 ) grew uniformly whether in presence or absence of the concentrations of methicillin used. The appearance of massed growth at the site of heavy inoculum (see P1. 1, fig. 2 , 4, 5 & 6) suggested that in the presence of methicillin the organisms could only multiply when close together, rather than that only a proportion of the organisms in the culture were resistant to methicillin. This was borne out by the fact that when colonies were picked from the plates containing methicillin 20 pg./d. and retested, similar appearances were again seen. With repeated passages strains emerged which showed an increased minimum inhibitory concentration, but the growth remained atypical in appearance in relatively low concentrations. Within the limits pH 6*0-8*0 no significant differences were noted, either in the minimum inhibitory concentration or the appearance of growth. The addition of 5 yo (w/v) horse blood or serum was without significant effect.
When films were made from cultures of the methicillin-resistant strains grown in the presence of methicillin or cloxacillin it was found that the cocci were irregular in shape, size and staining and large swollen organisms, similar to those seen when 
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M. BARBER staphylococci are grown in the presence of subinhibitory concentrations of benzylpenicillin, were frequent (see P1.2). This suggested that the methicillin was affecting cell-wall synthesis without inhibiting multiplication. It was decided, therefore, to see whether growth in presence of methicillin could be improved if the organisms were protected from lysis by increasing the electrolyte concentration. Another notable feature was the appearance of massed growth only at the site of heavy inoculum. This seemed reminiscent of the growth of some strains of Pastezcrella when cultivated under ordinary aerobic conditions, and for this reason it was decided to test the effect of changing the gaseous conditions. Growth effect E$ect of electrolyte concentratiolz Sodium chloride. Tests were made with nutrient agar containing no added NaCl, 0.5 yo, or 5.0 yo NaCl. Typical results are given in Table 4 and illustrated in P1. 3. ,411 strains tested gave a heavy growth in the presence of methicillin 2Opg./ml. when 5.0 yo NaCl was added, although in the absence of added NaCl the growth on this concentration of methicillin was small and present only at the site of heavy inoculum. Decrease in the concentration of agar by one-half gave similar results. The same effect in both cases was noted with cloxacillin at appropriately lower concentrations. An increase in the concentration of NaCl did not affect the methicillin sensitivity of methicillin-sensitive strains. The results obtained with two strains are illustrated in P1. 8. Gram-stained films showed that with methicillin +excess NaCl the cocci remained abnormal, whereas with ( m 4 ) & appearances were nearer to those of typical staphylococci (see P1. 2, Bacterial counts in presence of methicillin, with and zaithout excess electrolytes Serial dilutions of overnight cultures were spotted on plates containing various concentrations of methicillin between 2.5 and 20 ,ug./ml., with and without added electrolytes; typical results are shown in Table 5 and P1. 4. In the absence of any electrolytes the undiluted culture gave a fair degree of growth which varied Table 5 . Bacterial counts on medium containing methicillin, fig. 11, 12 ). only slightly with the concentrations of methicillin used, but from the first 10-fold dilution onwards little or no growth occurred. With some strains a similar picture was seen with 0.5 yo NaCl, but with others (e.g. strain Q.M. 3) numerous small semitransparent colonies appeared on the plates containing methicillin to the same dilution as colonies appeared on control plates. In the presence of 7 % ( m 4 ) $ 0 4 growth was similar in appearance to that on control plates, although with the higher concentrations of methicillin the actual counts were somewhat lower.
12-2
Tests on a partially defined medium and eflect of uracil The naturally occurring methicillin-resistant organisms grew quite readily on the partially defined casein acid-hydrolysate medium. Although colonies were not quite as large or as pigmented as on Lab-Lemco agar, rapid colony counts gave similar figures on the two media. When the strains were tested for sensitivity to methicillin on the casein acid-hydrolysate medium the results were similar to those obtained on Lab-Lemco agar with the usual concentration (0.5 yo) of NaC1. Addition of uracil to 50 mg./l. did not significantly affect the results.
Changes in gaseous conditions
Artaerobiosis. Duplicate cultures were incubated for 18 hr a t 3 7 ' aerobically and anaerobically (McIntosh & Fildes jar) and then left on the bench for a further 24 hr. It was found that on plates incubated anaerobically a heavy growth occurred in the presence of concentrations of methicillin which with aerobic incubation permitted feeble growth only a t the site of the heavy inoculum. This was not due to inactivation of methicillin since the antibiotic showed a similar minimum inhibitory concentration for control methicillin-sensitive cultures, whether initial incubation was aerobic or anaerobic. Cultivation in the presence of an excess of carbon dioxide was without significant effect.
DISCUSSION
In spite of the diversity of origin, all the naturally occurring methicillin-resistant strains of Staphylococcus pyogenes studied in this work showed a similar and rather unusual type of resistance. On Lab-Lemco agar in the presence of concentrations of methicillin ten to twenty times less than those which completely inhibited multiplication, the usual picture was poor growth at the site of heavy inoculum only. Films of this growth showed organisms of irregular size, shape and staining properties, similar to penicillin-sensitive staphylococci grown in the presence of ' sub-inhibitory ' concentrations of benzyl-penicillin; but, of course, in the latter case such changes are only seen with a concentration of benzylpenicillin near that of complete growth inhibition. Rogers & Jeljaszewicz (1961) showed that methicillin, like benzylpenicillin, inhibits the synthesis of cell-wall mucopeptide. The appearances just described are consistent with the view that methicillin inhibits cell-wall synthesis of naturally occurring methicillin-resistant staphylococci, a t a concentration not much greater than the minimum growth inhibitory concentration for methicillin-sensitive strains. When, however, the methicillin-resistant organisms are protected from lysis by increasing the osmotic pressure of the medium, growth in the presence of methicillin is almost equal to that on antibiotic-free medium.
When a high concentration (5 yo) of sodium chloride is used to increase the osmotic pressure the morphology of the organisms remains abnormal, probably because this concentration of sodium chloride is not well tolerated by staphylococci; with an isotonic concentration of ammonium sulphate the morphology more nearly resembles that of a typical staphylococcus (see P1. 2,11, 12).
As recorded elsewhere (Ayliffe & Barber, 1963) naturally occurring methicillinresistant staphylococci do not show an increased capacity to inactive methicillin. So far all the naturally occurring methicillin-resistant staphylococci recorded have been penicillinase-producing strains. This may simply reflect the fact that hospital staphylococci are usually penicillin-destroying. But it was noted by Barber (1961) that in vitro, stable methicillin-resistant strains could ody be isolated from penicillinase-producing staphylococci. Mandelstam & Rogers (1959) suggested that penicillinase production might not be the sole cause of resistance of such strains to benzylpenicillin.
Several investigators have shown that naturally occurring methicillin-resistant strains of Staphylococcus isolated in hospitals are fully virulent in the sense that they are capable of spreading in surgical wards and causing severe disease in some of the patients infected (Stewart & Holt, 1968;  AylifTe & Barber, 1963), but from the results of the present work it is clear that the resistance to methicillin is only a partial one, and to what extent it would operate in vivo remains to be determined. Certainly the picture is quite different from that obtaining with benzylpenicillin. Figs. 8-10. Characteristic appearances in presence of methicillin or cloxacillin. Fig. 11 . Methicillin plus 5 yo NaCl. Fig. 12 . Methicillin plus 7.5 yo (NH,) ,SO,.
PLATE 3
Effect of NaCl concentration. All plates contain 20 pg./ml. methicillin and were inoculated with strains H.M.R. 7 (upper half) and P. 6 (lower half). Fig. 13 . 0 % NaC1. Fig. 14. 0.5% NaCl. Fig. 15 . 5.0Y0 NaCl.
Effect of (NH,),SO, instead of NaCl. AU plates contain 20 pg./ml. methicillin and were inoculated with strains Q.M. 3 (upper half) and E. 1 (lower half). 
PLATE 4
Bacterial counts in presence of methicillin with and without added electrolytes. Both plates contain 20 pg./ml. methicillin and were inoculated with six serial tenfold dilutions of an overnight broth culture of strain Q.M. 3. Fig. 19 . No electrolytes. 
